The systematics of the giant dipole resonance (GDR) widths in hot and rotating nuclei are 
INTRODUCTION
The collective excitations in nuclei, in particular, the giant dipole resonance (GDR) have been studied in great detail over the years to understand the complex quantal nuclear many body systems. The phenomenon of GDR oscillations in nuclei, has been studied extensively in cold as well as in hot and fast rotating nuclei. In the case of GDR vibrations in cold nuclei, i.e. for the case of GDR built on nuclear ground state, very well established systematics for the resonance energy and its width as a function of nuclear mass exist. The understanding of the mechanism for such a large width of the resonance is of particular importance as it gives an insight into the strong damping mechanism of the collective dipole oscillations in nuclei. A systematic study of the resonance widths at higher temperatures in nuclei in the cases of GDR built on excited states gives us clues regarding the damping mechanisms in hot nuclei and the interplay of the temperature and angular momentum effects. In a particular nucleus, the resonance energy remains more or less constant but its width (or FWHM) increases as the temperature or the excitation energy of the nucleus increases. There had been a lot of experimental [1, 2, 3, 4, 5] as well as theoretical [6, 7] activities to understand this increase of the GDR width with temperature in the past years. The main experimental approach had been the heavy ion fusion reactions populating the compound nucleus at different excitations and spins. The temperature dependence of the GDR width to some extent has been explained in terms of adiabatic, large amplitude thermal fluctuations of the nuclear shape -the thermal shape fluctuation model (TSFM). Though TSFM is successful to some extent, (in the temperature range 1 -2 MeV and for low spins) it does not explain the results of [5, 8, 9, 10] , particularly those at the lowest T (near T=1.0 MeV) for 120 Sn.
In the past there have been several attempts to understand the global features of the temperature and spin dependence of the measured GDR widths in a comprehensive manner, by parametrizing the GDR widths in terms of the relevant macroscopic parameters, i.e.
temperature, angular momentum, nuclear mass etc. [11, 12, 13] . The most notable among them is the work of Kusnezov et al [14] in which the GDR width Γ(T, J, A) at a finite temperature (T) and spin (J) is parametrized in terms of a reduced width, from a liquid drop (LD) free energy consideration,
where, Γ exp (T, J, A) is the experimental width, the reduced scaling parameter ξ = J/A
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and Γ(T, J = 0, A) = 6.45
According to the authors, Γ 0 (A) is usually extracted from the measured gound state GDR and T 0 is taken as a reference temperature (=1 MeV). Surprisingly, they used a value of Γ 0 = 3.8 MeV for 120 Sn and 208 Pb data (after recalculating the nuclear temperatures) which was smaller than an earlier description (5 MeV) [7] . For other nuclei the authors themselves and others [8, 9, 10] used the same parametrization with a wider range of values for Γ 0 (2.5 -5.2 MeV), which were less than the ground state values, for describing the experimental GDR widths at different temperatures and spins. This simple parametrization, however failed to explain the data at low temperature and highest spins.
The important points, as they stand now, for the explanation of the temperature dependence of the GDR width in general and particularly within the framework of TSFM in the LD regime, are 1) a proper characterization of the nuclear temperature as shown by Kelly and others [4] and 2) using a proper Γ 0 parameter in a uniform way throughout the nuclear mass, temperature and angular momentum range. Lately, there have been attempts, [9] to properly characterize the nuclear temperature in a heavy ion fusion reaction. In this paper
we have tried to estimate the proper nuclear temperature for the GDR γ-emission in heavy ion fusion -CN γ-decay experiments for our recent measurements [15] as well as for other published results [8, 9, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30] The same procedure is adopted while explaining our recently measured GDR widths in 113 Sb populated with high angular momenta (≤ 60h) and at temperatures ≤ 2 MeV [15] using a Γ 0 = 3.8 MeV.
DATA ANALYSIS
In heavy ion fusion -evaporation reactions, high energy γ-photons are emitted from various stages of the decay cascade. At high excitation energies, the compound nucleus decays through a large number of steps and therefore, the excitation energy (E * ), angular momentum (J), mass (A) and charge (Z) should be averaged over all the decay steps.
The average values of E * , J, A and Z should be different and less than those of the initial compound nucleus. While most authors consider an average temperature T for the corresponding measured GDR widths, the averaging of J, A and Z has not been addressed to. Though the averaging of A and Z does not change significantly the representation, the same is not true for J, since a small change in J modifies the representation of the data in terms of reduced parameters in Kusnezov's description of TSFM [9] . Two basic approaches are generally taken in the existing literatures for the estimation of T for the GDR γ-emission in a compound nucleus. In the first,
, where E CN is the initial CN excitation energy, E rot is the average rotational energy computed at the mean J of the experimental J distribution and ∆ p is the pairing energy. This procedure is incorrect since there is no averaging over E * in the CN decay chain. In the other approach, the average temperature is estimated as,
, where a( E * ) is the energy dependent level density parameter. In this case, though the averaging is done over all the decay steps, E rot is calculated for the mean J of the initial CN. It is also not proper to include each step in the CN decay chain for the averaging. Instead, only that part contributing to the GDR γ-emission [17] in the decay cascade should be taken for averaging, thereby, setting a lower limit for the excitation energy in the CN decay cascade. Recently, Wieland et al [17] used the same procedure of averaging over a part of the decay cascade in their analysis of highly excited 132 Ce data for a re-estimation of temperature of the nucleus emitting GDR photons.
We have followed this second scheme of averaging to recalculate the average parameters in our work. This lower limit in the excitation energy amounts to approximately 50% of the total high energy γ-yield in the CN decay chain and does not affect the GDR γ-rays in the region E γ = 12 -25 MeV. E rot is evaluated with the average J ( J ), re-estimated using the above mentioned lower limit in E * . E * is calculated by averaging E * with corresponding weights over the daughter nuclei in the CN decay cascade for the γ-emission in the GDR energy range 12 -25 MeV, prescription [32, 33] The discrepancies mentioned in Ref. [9] for the 147 Eu and 154 Dy nuclei after re-analysis by the authors match quite well in this case. Except for one particular data point for 154 Dy [30] at the highest angular momentum (J=50h) (shown as an open circle in the middle panel of Fig.3 ) the corresponding GDR width seems quite large than the predicted systematics.
This could be due to a rotation induced large change in the shape of the nucleus at high excitation. The extracted Γ 0 matches remarkably well with the ground state systematics though. Although, later, an averaging over the entire CN decay chain was done [9] for evaluating J improving the agreement with TSFM. However, the same approach could not explain the data for 110 Sn. Our unified approach (averaging over a part of the decay chain for evaluating E * , J, A, Z) along with a proper choice of Γ 0 explains both the data throughout. In the case of 120 Sn, however, our averaging along with the corresponding Γ 0 values in accordance with the experimental ground state GDR width improves the fit overall except the points at the lowest temperatures (around T∼1 MeV). It is surprising, though, the measured width at around T∼ 1 MeV is smaller than that at T=0 MeV, the experimental ground state GDR width.
The method of averaging adopted in this work, in a unified way, applied over a range of nuclei, is more appropriate for nuclei populated with a large angular momentum and excitation energy. Table IV 
SUMMARY AND CONCLUSION
In conclusion, we have studied the systematics of the GDR widths at different spins and particularly in the temperature range of 1 -2 MeV over a broad range of nuclear masses in the framework of the liquid drop thermal shape fluctuation theory. The phenomenological description given by Kusnezov et al [14] describes quite well all the data from various experiments done earlier even at low temperature and highest spins, provided the temperature and the angular momentum of the decaying nucleus populated in such a heavy ion reaction is characterized properly using the averaging procedure discussed here and using a Γ 0 parameter which is 1.5 times smaller than the ground state GDR width for that par- 
